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RESIN-FORTIFIED SUGAR-BASED VINYL
EMULSION COPOLYMERS AND METHODS
OF PREPARING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

BACKGROUND OF THE INVENTION

In general, the present invention relates to resin-fortified
emulsion polymer compositions comprising a sugar-based
vinyl monomer.

Emulsion Polymers

High molecular weight emulsion polymers are useful in
the coatings and inks industry. However, high molecular
welght emulsion polymer technology has some drawbacks.
Problems associated with high molecular weight emulsion
polymer systems include wetting and adherency problems,
mechanical instability, freeze/thaw instability and inability
to biodegrade or be repulped.

U.S. Pat. No. 4,151,143, 1ssued to Blank, et al., discloses
a surfactant-free polymer emulsion coating composition and
a method for preparing the same. U.S. Pat. No. 4,179,417,
1ssued to Sunada, et al., discloses a composition for water
based paints containing a water soluble resin and a water
dispersible polymer which are employed as water based
paints and can optionally contain a cross linking agent.
Canadian Pat. No. 814,528, 1ssued Jun. 3, 1969, discloses
low molecular weight alkali soluble resin, resin cuts and
method of their preparation and purification. U.S. Pat. No.
4,820,762 discloses resin-fortified emulsion polymers that
are created by addition of a low molecular weight support
resin during the emulsion polymerization process.
Sugar-based Vinyl Monomers

U.S. Pat. No. 5,827,199 discloses copolymers prepared
from alkyl polyglycoside maleic acid esters (sugar
monomer) and vinyl monomers. These water borne copoly-
mers contain sugar units 1n their polymeric structure intro-
duced by way of the bifunctional sugar monomer. Acrylic
copolymers containing around 10% sugar monomer have
been found to be noninterfering 1n paper recycling, while
copolymers containing at least 40% sugar monomer are

biodegradable under composting conditions as per ASTM
D5338 (see Adhesives Age 41(2):24, 1998).

BRIEF SUMMARY OF INVENTION

The resin-fortified emulsion polymers of the present
invention provide suitable mechanical, physical and perfor-
mance properties when compared to conventional emulsion
polymers and represent an advance in emulsion polymer-
1zation technology. It 1s an object of the present invention to
provide novel copolymers that are useful 1n biodegradable,
repulpable 1nks, primers coatings, overprint coatings and
related products used on paper and paperboard, synthetic
and natural polymer films, metallized films and metal foils
and sheets, as well as combinations thereof. These printed or
decorated substrates could be used in packaging,
publication, commercial printing, wallpaper, specialty and
other related applications.

Brieily, in accordance with the present invention, a resin-
fortified emulsion polymer 1s prepared by exposing a resin
to an emulsion polymerization reaction mixture comprising
a sugar-based vinyl monomer and other vinyl comonomers.
The resin 1s a low molecular weight polymer and 1s soluble
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or dispersible 1n water or alkali solutions. The emulsion
polymerization reaction mixture contains any monomers
employed 1 emulsion polymerization reactions and addi-
tionally comprises a sugar-based vinyl monomer. The result-
ing resin-fortified emulsion polymers have enhanced per-
formance for coatings, ink and graphic art applications and
are recycling friendly.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention 1s both a method of obtaining a
resin-fortified emulsion polymer comprising a sugar-based
vinyl monomer and the polymer itself. When used herein the
term “emulsion polymer” refers to any polymer prepared by
emulsion polymerization. Such polymers are formed by the
polymerization of one or more monomers capable of under-
coing Ifree radical emulsion polymerization. When used
herein the term “resin” encompasses all low molecular
welght resins of from about 500 to about 20,000, and
preferably about 500 to 10,000, number average molecular
welght which are soluble or dispirsible 1n water or alkali.

In practicing the present mvention, a solution polymer
support resin 1S exposed to an emulsion polymerization
reaction mixture during the emulsion polymerization reac-
tion.

Typically, the solution polymer support resin 1s first added
to a reactor under an 1nert atmosphere. Water, surfactant and
buffer are then added with agitation and brought to reaction
temperature. A pre-emulsion 1s prepared separately by mix-
ing together water, surfactant and the monomers mcluding
the sugar-based vinyl monomer. The pre-emulsion step is
preferred because the sugar-based vinyl monomer may not
be soluble in the monomers and may not form a single
homogenous phase. A surfactant 1s required to cosolubilize
the monomers and allow a homogenous feed to be fed to the
reactor during the starve-fed polymerization process to
ensure a random 1ncorporation of the monomers. The charge
initiator, preferably a water-soluble 1nitiator, 1s added to the
reactor followed immediately by the start of the pre-
emulsion feed, which 1s fed to the reactor over an extended
period of time, typically 1-2 hours. This 1s what 1s termed
a “starve-fed” emulsion process. Base (typically ammonium
hydroxide, 30 wt % in water) is added simultaneously with
the pre-emulsion to keep the emulsion slightly basic. A
second 1nitiator feed 1s added to the emulsion at the finish of
the pre-emulsion feed. A final 1mitiator feed 1s added one
hour later as a chaser to scavenge any unreacted monomer.
The emulsion 1s allowed to react an additional hour before
it 1s cooled to room temperature.

In conducting the present emulsion polymerization
reaction, standard emulsion polymerization techniques are
employed with the addition of a pre-emulsion prepared by
separately mixing together water, surfactant and the mono-
mers and the addition of base along with the pre-emulsion to
keep the emulsion slightly basic.

Standard nonionic and anionic surfactants are employed
in the reaction. Advantageously, the reaction 1s conducted at
an elevated temperature ranging from about 60° to about
100° C., at ambient pressure and under an inert atmosphere
such as nitrogen. The reaction mixture 1s maintained under
agitation employing standard mixing techniques.

Before the resin 1s mixed with the emulsion polymeriza-
tion reaction mixture there must be a polymeric (or steric)
stabilizer present 1n the reaction mixture to prevent coagu-
lation of the emulsion particles. The stabilizer can be any of
the conventional nonionic surfactants such as ethoxylated
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alkylphenols including ethoxylated nonylphenol having at
least 20 ethylene oxide units, ethoxylated octylphenol hav-
ing at least 20 ethylene oxide units or, alternatively, func-
fional monomers such as acrylic acid, methacrylic acid or

4

an average degree of polymerization (DP) equal to 1.2 to
2.0, and an average degree of substitution (DS) equal to 2.

When used herein, the term “sugar-based vinyl monomer”
refers to an alkyl polyglycoside maleic acid ester with the

polyethylene glycol monomethacrylate. The stabilizer is 5 formula

added to the reaction mixture prior to resin addition and
usually 1n amounts ranging from about 1 to about 8 percent
by weight of the reaction mixture and preferably from about
2 to about 4 weight percent.

Suitable low molecular weight support resins employed in
the practice of the present invention include any solution or
bulk polymerized polymers prepared from ethylenically
unsaturated monomers such as olefins, mono vinylidene
aromatics, alpha, beta-ethylenically unsaturated carboxylic
acids and esters thereof, and ethylenically unsaturated dicar-
boxylic anhydrides. They are known materials and are
prepared employing standard solution polymerization tech-

niques. Preferably, the support resins are prepared 1n accor-
dance with the teachings of U.S. Pat. No. 4,414,370, U.S.

Pat. No. 4,529,787 and U.S. Pat. No. 4,456,160 all of which
are 1ncorporated herein by reference.

Other suitable commercially available resins include
water dispersed or water dispersible aliphatic polyurethanes
such as Spensol 52 an aliphatic polyurethane commercially
available from Reichhold Chemical, Inc., and water dispers-
ible silicone ethylene oxide copolymers such as FF400, a
water dispersible silicone-ethylene oxide copolymer com-
mercially available from Dow Corning. These and other
similar resins can be used especially where the desirable
characteristics of the resin, 1.e., flexibility, slip properties,
durability, etc., are required. These resins should be low
molecular weight with a number average molecular weight

of from about 500 to 20,000.

Preferred support resins include those resins containing
styrene (ST), alpha methylstyrene (AMS), acrylic acid (AA)
and mixtures thereof. An especially preferred support resin
1s a ST/AA copolymer containing three parts ST and one part

AA and which has a number average molecular weight of

from about 1,000 to about 6,000 and, preferably, from about
2,000 to about 4,000.

Suitable monomers employed 1n the preparation of the
support resins include acrylic acid, methacrylic acid,
styrene, alpha-methylstyrene, hydroxyethylmethacrylate
and esters of acrylic acid and methacrylic acid.

As noted above, the resins useful 1n the process of the
present invention should be low molecular weight with a
number average molecular weight 1n the range of from about
500 to about 20,000, preferably about 500 to about 10,000
and optimally about 2,000 to about 4,000. Also the resins
must be water soluble or water dispersible either as 1s or in
an alkaline medium such as ammonium hydroxide.

The monomers employed 1n the preparation of the present
emulsion polymers are any monomers used in emulsion
polymerization reactions. Suitable monomers include ethyl-
enically unsaturated monomers such as olefins, mono
vinylidene aromatics, alpha, beta ethylenically unsaturated
carboxylic acids and esters thereof, ethylenically unsatur-
ated dicarboxylic anhydrides and halo substituted olefinics.
Preferred monomers include methylmethacrylate (MMA),
styrene (ST), alphamethylstyrene (AMS), acrylic acid (AA),
methacrylic acid (MAA), butylmethacrylate (BMA), buty-
lacrylate (BA), 2-ethylhexylacrylate (2-EHA), ethylacrylate
(EA), hydroxyethylacrylate (HEA) and hydroxyethyl-
methacrylate (HEMA).

Suitable sugar-based vinyl monomers are described in
U.S. Pat. 5,872,199. It 1s preferable for the monomer to have
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Hc=H(Z—ll—O —Glu—(Glu),
C=0 O
O R

RH.’

— _E

O

— O—(C—CH—CH

wherein Glu 1s a saccharide moiety; R 1s selected from the
ogroup consisting of a C1 to C30 alkyl or mixtures thereof;
R™ 1s selected from the group consisting of hydrogen, a C1
to C30 alkyl or a mixture thereof, n 1s an iteger of 0 to 10;
x and y are integers of 0 to 3 or 0 to 4, where the maximum
value of 3 or 4 for x and y equals the number of hydroxyls
on the Glu moiety, but not both x and y are zero.
Especially preferred 1s the compound wherein Glu 1s

derived from a-D-glucose. Also especially preferred 1s the
compound wherein R 1s selected from the group consisting
of a C3 to C8 alkyl group or mixture thereof. We especially
envision as useful compounds where R" 1s selected from the
group consisting of a hydrogen, H, a C8 to C18 alkyl group
or mixture thereof and a compound prepared by estrification
of alkyl polyglycoside maleic acid with a primary C1 to C30
alcohol or mixture thereof.

The sugar-based vinyl monomer was prepared by the
method provided in Example 5 described in U.S. Pat. No.
5,872,199.

The support resin 1s added to the present emulsion poly-
merization reaction 1n amounts sufficient to modily the tlow
characteristics of the resulting emulsion polymer. Amounts
ranging from about 2 to about 50 weight percent or more
based on the total weight of solids 1n the emulsion poly-
merization reaction mixture are usually effective. Advanta-
ogeously the support resin 1s added 1n amounts greater than
about 5% and preferably greater than about 10% by total
welght of solids in the emulsion reaction mixture. The
optimum amount of support resin and sugar-based vinyl
monomer to be added during the emulsion polymerization
reaction will depend on a variety of factors, such as, the
particular makeup of the support resin, the particular
makeup of the sugar-based emulsion polymer, the end use
application for the emulsion polymer, recyclability require-
ments of the emulsion polymer, and the environment in
which the emulsion polymer will be used. One skilled 1n the
art can readily determine the optimum amount of support
resin and sugar-based vinyl monomer to be used in a
particular application by conducting routine experiments.

A suitable polymer of the present invention can be
designed to be recycling friendly, having either biodegrad-
ability or repulpability characteristics or both. The amount
of sugar-based vinyl monomer can be optimized to provide
the most desirable biodegradable and repulpable character-
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istics. Preferably, the amount of sugar-based vinyl monomer
should be 2-40 wt %.
The present invention 1s also an 1nk, preferably compris-

ing a pigment and a fortified emulsion polymer comprising

6

Samples 5 and 6 used only butyl acrylate, and samples 7
and 8 used only methyl methacrylate. Base was added
directly to the reaction mix concurrently with the pre-
emulsion 1 samples 6 and §.

a sugar-based vinyl monomer, a resin and at least one 5 a : :
. . . Control samples 9 and 10 were non-fortified emulsions
emulsion-polymerizable monomer. Preferred formulations - : : : -
. . because they did not contain solution polymer resin. They
are disclosed below 1n the Examples. , :
. . . were made using butyl acrylate and methyl methacrylate.
The following examples 1illustrate the practice of the
present invention but should not be construed as limiting its B e 1
scope. 10 Admplc
Resin-fortified Emulsion Polymer 1
EXAMPLES The 1nitiator feed, monomer mix, and chaser solutions
The following experiments were performed to character- histed 1n Tilbli 2, Wirg épiefja?gi by Ilnlt}:ilng thf?’lr respezgvde
ize a resin-fortified emulsion comprising sugar-based vinyl COMIPOTCLTLS. JONCLYL (J-584) SOLLHOTL TESII Was atte
MONOMmers: 15 to a (1 L) reactor and heated to 80° C. under a low stream
' of N,. It was stirred for 15 minutes before the other
TARBIE 1 pre-mixed components of the charge (water, surfactant and
buffer) were added. This mixture was allowed to equilibrate
Sample # 1 2 3 4 5 6 7 8 9 10 to 80° C. over a period of 10 minutes. The N, purge was shut
— 1 20 off and the 1nitiator was injected with stirring. Immediately
?RD;ESH tolymer A A &2 XX X XX after the initiator addition, the monomer feed was started and
Sugar-based Vinyl ¢ ¢ 5 ¢ % added to the reactor over 2 hours. After an additional 15
Monomer minutes, the first chaser solution was added over a period of
;fw & High T, X X X X X X 10 minutes. The mixture was held at 80° C. for another hour
L;I:DTm E;mmmer N 25 betore the second chaser solution was added, again over a
High ng Monomer D¢ period C:f 10 minutes. The latexi was allowed to post-
polymerize for an hour before 1t was cooled to room
temperature.
TABLE 2
Resin Fortified Emulsion Polymer Recipes - components in grams
Charge Catalyst Monomer Mix/Pre-Emulsion Base __ Chaser 1 Chaser 2
584 Lol Buf H,O H,O APS H,O 825 EHA BA MMA SBYV OH OH H,O APS H,O APS
1 189 104 0.83 5408 345 083 — —  75.76 — 56.28 — — — 437 042 458 0.21
2 189 8.42 0.83 21.07 345 0.83 2933 5.66 068.18 — 50.65 132 5.0 — 437 042 458 0.21
3 188 8.38 0.83 20.07 344 083 30.12 563 — 76.41 56.76 — — — 435 041 456 0.21
4 188 8.38 0.83 20.07 344 0.83 2619 563 — 6°7.90 5044 13.15 562 — 435 041 456 0.21
5 188 8.38 0.83 20.07 344 0.83 3012 563 — 1332 — — — — 435 041 456 0.21
6 188 8.38 0.83 20.07 344 0.83 2619 563 — 1183 — 13.15 — 562 435 041 456 0.21
7 188 8.38 0.83 20.07 344 083 30.12 563 — — 133.17 — — — 435 041 456 0.21
8 188 8.38 0.83 20.07 344 0.83 2619 5.63 — — 118.33 13.15 — 562 435 041 456 0.21
584 — J-584 Solution 30% solids in water (S C Johnson)
.61 — Pluronic 1.61 (non-ionic; BASF)
Buf — sodium bicarbonate
H,O — deionized water
APS — ammonium persulfate
825 — Emulgator 8255 (anionic; BASF)
EHA — 2-ethylhexyl acrylate
BA — butyl acrylate
MMA — methyl methacrylate
SBV — sugar-based vinyl monomer
OH — ammonium hydroxide 30%
Sample 1 was a control fortified emulsion copolymer .. Example 2

prepared from a monomer mixture consisting of
2-cthylhexyl acrylate and methyl methacrylate that was
added to a solution polymer and polymerized with a free
radical initiator. A surfactant was added to the monomer
mixture to prepare stable pre-emulsions required for com-
patabilization of the sugar-based vinyl monomer. Sample 2
was similar to sample 1, but contained sugar-based vinyl
monomer. Base was added to the pre-emulsions of samples,
2,4, 6,8 and 10 to neutralize the sugar-based vinyl mono-
mer.

Samples 3 and 4 used an alternate low T, monomer, butyl
acrylate, 1n place of 2-ethylhexyl acrylate.
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Resin-fortified Emulsion Polymer 2-5,7

The imitiator feed, pre-emulsion, and chaser solutions
listed 1n Table 2 were prepared by mixing their respective
components. The J-584 resin solution was added to a (1 L)
reactor and heated to 80° C. under a low stream N,. It was
stirred for 15 minutes before the other pre-mixed compo-
nents of the charge (water, surfactant and buffer) were
added. This mixture was allowed to equilibrate to 80° C.
over a period of 10 minutes. The N, purge was shut off and
the 1nitiator was 1njected with stirring. Immediately after the
initiator addition, the pre-emulsion feed was started and
added to the reactor over 2 hours. After an additional 15
minutes, the first chaser solution was added over a period of
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10 minutes. The mixture was held at 80° C. for another hour
before the second chaser solution was added, again over a
pertod of 10 minutes. The latex was allowed to post-
polymerize for an hour before it was cooled to room
temperature.

Example 3

Resin-fortified Emulsion Polymer 6,8

The initiator feed, pre-emulsion, and chaser solutions
listed 1n Table 2 were prepared by mixing their respective
components. The J-584 solution resin was added to a (1 L)
reactor and heated to 80° C. under a low stream N,. It was
stirred for 15 minutes before the other pre-mixed compo-
nents of the charge (water, surfactant and buffer) were
added. This mixture was allowed to equilibrate to 80° C.
over a period of 10 minutes. The N, purge was shut off and
the 1itiator was 1njected with stirring. Immediately after the
initiator addition, the pre-emulsion feed was started and
added to the reactor over 2 hours. As opposed to adding base
in the pre-emulsion, base was added separately over the
same time period of addition. After an additional 15 minutes,
the first chaser solution was added over a period of 10

minutes. The mixture was held at 80° C. for another hour
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before the second chaser solution was added, again over a
pertod of 10 minutes. The latex was allowed to post-
polymerize for an hour before 1t was cooled to room
temperature.

Example 4
Emulsion Polymer 9, 10

The charge, mitiator charge, pre-emulsion, 1nitiator feed
and chaser solutions listed 1n Table 3 were prepared by
mixing their respective components. The charge was added
to a (1 L) reactor and heated to 80° C. under a low steam of
N, . It was stirred for 15 minutes, following which 3 wt % of
the pre-emulsion was added as a seed to the charge and
stirred for 5 minutes. The N, purge was shut off and the
initiator charge was 1njected with stirring. After 15 minutes,
the pre-emulsion and 1nitiator feeds were started and added
to the reactor over 3 and 3% hours respectively. After an
additional 45 minutes, the oxidizing chaser solution was
added followed by the reducing chaser solution which was
delay added over a period of 30 minutes. The mixture was
held at 80° C. for 15 minutes before it was cooled to room
temperature.

TABLE 3

Emulsion Polymer Recipes - components in grams

Charge Init Cat Pre-Emulsion Cat Feed Ox Chaser Red Chaser
H,O Bulff H,O APS H,O 825 BA MMA SBV H,O APS H,O APS BHP H,O SFS
9 709 05 56 01 51.0 101 1346 100 — 196 0.79 3.27 0.098 0.094 327 0.131
10 709 05 56 01 51.0 101 1214 90 235 196 079 3.27 0.098 0.094 327 0.131
H,O — deionized water
Buf — sodium bicarbonate
APS — ammonium persulfate
BHP — t-butylhydroperoxide
SEFS — sodium formaldehyde sulfoxylate
BA — butyl acrylate
MMA — methyl methacrylate
SBV — sugar-based vinyl monomer
825 — Emulgator 825S (anionic; BASF)
TABLE 4
Emulsion Polymer Properties
# Monomers Calculated T, (" C.) Measured T, (" C.) Theo Solids  Actual Solids pH F/T
1 EHA, MMA -9 -11 50.34 50.48 8.5 Pass
2 EHA, MMA, SBV -9 -10 50.34 48.9 8.5 Pass
3 BA, MMA -6 -4 50.55 50.13 9 Pass
4 BA, MMA, SBV -6 =7 50.13 49.57 9 Pass
5 BA -54 50.55 50.94 8.2 Pass
6 BA, SBV -54 50.13 51.12 7.9 Pass
7 MMA 105 50.55 54.18 8.3 Pass
8 MMA, SBV 105 50.13 51.14 7.9 Pass
9 BA, MMA -6 5 59.95 60.18 4.1 Fail
10 BA, MMA, SBV -6 -2 59.95 57.32 2.4 Fail
Example 5
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Characterization Tests for the Polymers

Table 4 contains characterization data for the various
example solutions. The characterization tests are described
below:

The theoretical T 1s the calculated glass transition tem-
perature of the emulsion polymer based on the constituent
monomers. The monomer weight fractions and known T,’s
of the corresponding homopolymers were used in the Flory-
Fox estimation equation:
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Where: w,-wt % of monomer A

T'g,-T, of monomer A in Kelvin

I’ -Theoretical T, of copolymer in Kelvin

EMULSION POLYMER
DESIGNATION (From Examples 1-5)

The T, of the solution polymer was not taken 1nto account
in the calculation because of its low molecular weight. The
actual ‘T, for the fortified emulsion was determined by using
a TA Instruments differential scanning calorimeter (DSC). A
20 mg sample of dried film was heated to 110° C., for 5
minutes to drive off any residual water and then cooled to
—-60° C. The temperature was increased at a constant rate of
10° C./minute and the enthalpy of the sample was recorded.
The experimental T, value was recorded as the inflection
point of the step transition and agree very well with calcu-
lated values.

Actual solids 1s the weight percent of solids 1n the final
latex. Aluminum pans were heated at 110° C. in a vacuum
oven for 30 minutes to volatilize any contaminants on the
pan. The pans were cooled to room temperature and massed.
1 ¢ of wet latex was added to the pans and the pans were
massed again. The pans were heated 1n a vacuum oven at
110° C. for 30 minutes to remove the water and other
volatile components (i.e., unreacted monomer). The pans,
now containing the dried solids were massed again. The

actual weight percent solids 1s calculated by dividing the
solid mass by the liquid mass.

The theoretical solids were calculated by dividing all of
the recipe solid masses, including the monomers, by the total
recipe mass. The percent solids number 1s related to the
conversion of the reaction because polymerized monomers
arc no longer volatile. An estimate conversion can be
calculated by dividing the actual solids by the theoretical
solids. Ideally, the actual weight percent solids of the final
product should be equal to the theoretical to indicate com-
plete conversion of the monomers.

The pH was measured by diluting 1 mL of latex with 10
mlL of distilled water to avoid liquid junction potential
assoclated with organic-aqueous mixtures.

The term freeze/thaw or F/T 1s used to denote the stability
of the latex when exposed to multiple freeze/thaw cycles. 10
mL of latex was placed 1n a sealed vial. The vial was frozen
in a freezer for several hours until solid and then thawed at
room temperature. This constitutes one freeze/thaw cycle.
The latex was exposed to 5 freeze/thaw cycles. If the final
thawed latex exhibited the same visual characteristics as the
original latex 1 terms of viscosity, stability, etc., 1t was
considered to have passed the freeze/thaw test.
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10
Example 6

Resin Fortified Emulsion Polymer 1n an Ink Formulation

The emulsion polymers of the present mvention were
evaluated for printing ink suitability and, specifically, as
water-based flexographic inks. The polymers evaluated in
ink formulations are described in Table 5.

TABLE 5

INK
MONOMERS IN EMULSION  WHERE USED

9 BA, MMA A
10 BA, MMA, SBV B
3 BA, MMA, J-584 C
4 BA, MMA, SBV, J-584 D

This experimental selection allowed comparison of solu-
tion polymer (J-584, which is 30% Joncryl-678 (J-678)
dissolved in amine/water at pH=9) fortified emulsions ver-
sus conventional emulsions and allowed comparison of
sugar-based vinyl monomer containing emulsions versus
systems which did not contain these monomers. All emul-
sions were prepared to the same T, of —6° C., 50-60% solids
(the balance is water), and adjusted to an alkaline pH of 7.5
to 9.0.

Ink Preparation

The basic ink composition was as follows:

50 parts emulsion polymer (listed above)

40 parts Flexiverse aqueous pigment dispersion
5 parts 1sopropyl alcohol solvent
2 parts carbitol coalescing agent

0.5 parts aqueous polyethylene wax dispersion

2.5 parts ammonium hydroxide and distilled water to

adjust ik pH to 8.5-9.0.

A vessel was charged with 50 ¢ of polymer 3 with stirring
at 150-200 rpm (using a Cowles type stirring blade in an
OMNI Macro Mixer). 40 g of Sun Chemicals Dispersions
Division Flexiverse BFD Blue 1121 aqueous pigment dis-
persion was added with stirring. 5 g of 1sopropyl alcohol, 2
o of carbitol, and 0.5 g of Shamrock Technologies Hydrocer
EE 52 polyethylene wax (1 micron particle size) aqueous
dispersion were added, 1n that order, with stirring. The 1nk
pH was adjusted to 8.7 by addition of 0.5 g of concentrated
ammonium hydroxide. 2 g of distilled water was added to
bring the system to 100 parts and to adjust viscosity. Ink
viscosity was measured at 22° C. using a calibrated #3 Zahn
cup to yield a value of 24 seconds, corresponding to a
viscosity of 150-175 cps.

The same procedure was used for all four polymers and
the corresponding inks.

Examination of the prepared inks indicated a very slight
degree of pigment flocculation 1n 1nks A and B, which had
no solution polymer component i the emulsion. The only
solution polymer component 1n those 1nk systems was from
the Flexiverse pigment dispersion. It appeared that the
fortified emulsion polymer based inks (C and D) were more
uniform and stable than the other inks.

Ink Printing

All the prepared blue inks were printed at 400 fpm on
treated (42 dynes/cm) polyethylene film and C1S (coated
one side) paper. A modified PRUFBAU press was used for
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the flexographic printing. It was fitted with a PQS Cyrel
plate, 32° trailing doctor blade, 6 BCM ceramic anilox with
360 lines per inch and 60° screen angle. All printed inks
air-dried 1immediately.

Results of Ink Printing

In all cases, the inks transferred effectively to the
substrates, with good print quality, color strength, and gloss
(on the film). In general, the quality of the emulsion inks
containing sugar-based vinyl monomer (B and D) was at
least as good (slightly better) than the corresponding emul-
sion 1nks (A and C). The solution polymer fortified emulsion
based inks (C and D) were at least as good (slightly better)
than the corresponding non-fortified emulsion polymer
based inks (A and B).

Adhesion of the inks to the film was measured after 24
hours using scotch tape. Adhesion of ink B was significantly
better than 1nk A, and of ink D significantly better than 1nk
C. This suggests that the presence of the sugar-based vinyl
monomer component 1in the emulsion, whether fortified with
solution polymer or not, improves adhesion of the resulting
ink to polyethylene film.

SUMMARY

We demonstrated that emulsions comprising sugar-based
vinyl monomer, and particularly fortified (with solution
polymer) emulsions comprising a sugar-based vinyl mono-
mer can be used 1n water-based printing inks. These inks
were at least as good as the corresponding systems that did
not comprise the sugar-based vinyl monomer. Advantages in
terms of print quality and adhesion of the corresponding 1nk
to polyethylene films may be contributed by the sugar-based
vinyl monomer component.

Example 7
Additional Printing Experiments

The objective of this example was to repeat the evaluation
of Example 6 and to study printing on various substances.
Ink Printing

All the prepared blue 1nks were printed at 400 fpm on
treated (42 dynes/cm) polyethylene film, untreated polester
(Mylar) film, and CI1S (coated one side) paper. The poly-
cthylene film was also printed at 1200 fpm. A modified
PRUFBAU press was used for the flexographic printing. It
was fitted with a PQS Cyrel plate, 32° trailing doctor blade,
6 BCM ceramic anilox with 360 lines per inch and 600
screen angle. All printed inks air-dried immediately.

The exact same conditions were also used (with slight
variation on plate pressure) to print using a plate comprised
of EPIC photopolymer, Atlas photopolymer and rubber. The
test images on this multi-composition plate were designed to
show print quality, dot and 1mage resolution, transfer and
accomodation of varying plate hardness.

Results of Ink Printing—Print Quality

In all cases, the 1nks transferred effectively to the
substrates, with good print quality, color strength and gloss
(on the film). In general, the quality of the sugar-based vinyl
monomer containing emulsions inks were shightly better
than the corresponding non-sugar-based emulsion inks. The
solution polymer fortified emulsion based inks were slightly
better than the corresponding non-fortified emulsion poly-
mer based 1nks.

The test pattern print of polyethylene using the
3-component plate described above showed excellent
transter, dot quality, line resolution, color and gloss for all
parts of the plate. This indicated the ink made from fortified
emulsion using sugar-based vinyl monomer can provide a
high quality print.
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Results of Ink Printing—Adhesion

Adhesion of the ks to the films was measured after 24
hours using scotch tape. The results indicate that the pres-
ence of the sugar-based vinyl monomer component 1n the

emulsion, whether fortified with solution polymer or not,
improves adhesion of the resulting 1nk.

The adhesion benefits of macromer-containing emulsion

ink was found on both treated (42 dynes/cm) polyethelene
and untreated PET 942 dynes/cm).

Summary

The 1nitial findings of Example 6, that sugar-based vinyl
monomer (SBV) containing emulsions, and particularly that
SBV-containing fortified emulsions can be used in water-
based printing inks, were confirmed. The inks containing
SBV were superior to the corresponding non-SBV contain-
Ing systems.

Advantages of print quality and adhesion of the corre-
sponding ink to polyethylene films were also confirmed.

The benefits were demonstrated both at 400 fpm and 1200
fpm print speed on treated PE film and at 400 fpm on CI1S
paper.

The benefits of SBV-containing water-based flexo ink

over the corresponding non-SBV controls were also found
on untreated polyester (PET) film.

We claim:

1. An mk comprising a pigment and resin-fortified emul-
sion polymer comprising a sugar-based vinyl monomer, a
resin and at least one emulsion-polymerizable monomer
wherein the sugar-based vinyl monomer is selected from the
ogroup consisting of alkyl polyglycoside maleic acid ester
monomers with a DP ranging from 1.2 to 2 and a DS from
1.5 to 2.

2. The 1nk of claim 1 wherein the polymer comprises an
cffective amount of at least one support resin for controllably
affecting the physical characteristics of the emulsion poly-
mer product, the resin being selected from the group con-
sisting of water soluble resins, water dispersible resins,
alkali soluble resins, alkali dispersible resins and mixtures
thereotf, the resin having been produced either by solution-
polymerization method or by a bulk-polymerization method
wherein the resin 1s produced from at least one
cthylenically-unsaturated monomer selected from the group
consisting of olefins, mono vinylidene aromatics, alpha beta
cthylenically-unsaturated carboxylic acids and esters

thereof, ethylenically-unsaturated dicarboxylic anhydrides,
and mixtures thereof.

3. The mk of claim 1 wherein the resin has a number
average molecular weight of from about 500 to about
20,000.

4. The ik of claim 1 wherein the emulxion polymerizable
monomer 1s an ethylenically unsaturated monomer selected
from the group consisting of olefins, monovinylidene
aromatics, alpha beta ethylenically unsaturated carboxylic
acids, esters of alpha beta ethylenically unsaturated carboxy-
lic acids, ethylenically unsaturated dicarboxylic anhydrides,
halo substituted olefins and mixtures thereof.

5. The 1k of claim 1 wherein the emulsion polymerizable
monomers are selected from the group consisting of
2-ethylhexylacrylate, methylmethacrylate and butyl acry-
late.

6. The mnk of claim 1 wherein the emulsion polymer
product promotes recycling and 1s repulpable or biodegrad-

able.
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